To: J. Perron 


Date: November 17, 1982 


From: Harry B. Stewart 
Subject: APX-20026 


Thank you for the copy of EXTENDED WSFN. In comparing the 
reference manual with my marked up copy I noticed a few 
omissions. Attached are some pages with additional information 
which you could incorporate in the future. If you have any 
questions call me at 942-6702. 



Harry B. Stewart 
NEOTERIC 

1199 Shasta Avenue 
Sart Jose, CA 95126 


Donna Beardon 
1908 Sandy Lane 
Irving, Texas 75060 

Dear Donna: 

I was delighted to read in TURTLE NEWS of the good experiences 
you and Jeffrey had with Atari Extended WSFN. Since you 
questioned the origin of the name, I thought I would write and 
give you some information. 

My first (and only) encounter with the WSFN language was through 
an article in Dr. Dobb's Journal of Computer Calisthenics & 
Orthodontia Number 18, written by Lichen Viang. In that article, 
"An Interactive Programming Language for Control of Robots", 
the author provided a description of the language, several 
examples of WSFN functions, and a listing of an 8080 based WSFN 
interpreter. As for the name, the author stated: "[Gregory Yob] 
calls the language TINMAN; while I did not call it any name. If 
everything has to have an acronym, I would rather call it WSFN 
(Which Stands For Nothing)." 

After reading the article, I immediately entered the interpreter 
code into my computer, wrote a display driver for my ADM-3A 
terminal, and proceded to have a grand time doing turtle 
graphics on the 24 line by 80 column screen. That was in 1977. 
Later, in 1978 while consulting at Atari, I perceived WSFN as 
being a means of providing user access to the versatile 
graphics world of the Atari Home Computer, and extended both the 
language and the turtle's environment to better utilize the 
features of the Atari computer. 

Ultimately, the language's terseness proved to be a problem; the 
step from interactive doodling to program creation proved to be 
too large for most people, and PILOT was later selected as 
Atari's main-line vehicle for providing turtle graphics to the 
public. 

I hope Jeffrey continues to enjoy WSFN, it really can do 
wonderful things. 


Harry B. Stewart 



WSFN/TURTLE BUILT IN PROGRAMS 


The Atari WSFN/TURTLE cartridge has several built in programs 
(user commands) which are accessible using the CTRL-L or the 
CTRL-R commands. These programs are itemized in Appendix G of 
the language/system specification. The paragraphs that follow 
will elaborate on the information contained in Appendix G. 

1. The column labeled "Load/Run Name" contains the one character 
name of the program group to be loaded by CTRL-L or CTRL-R. See 
page 15 of the specification for the semantics of CTRL-L and 
CTRL-R. 

2. The column labeled "Content" specifies the command name(s) 
and description(s) of the top level command(s) contained in each 
group. Note that, in general, each group contains many low 
level user command definitions and one or two top level 
commands. 

3. The column labeled "Runs" indicates which of the loaded 
commands will be executed when the CTRL-R command is invoked. 

For example, CTRL-R 1 is the same as CTRL-L 1 Y. 

4. The column labeled "Reference" contains a reference to 
supporting narrative information, when available. 

The remaining paragraphs will give additional information 
regarding the built in programs themselves. Note also that the 
content of the groups may be examined by loading them while in 
the debug mode (CTRL-M 2) or by putting the loaded definitions 
to the printer (CTRL-P "P:"). 

SIERPINSKI CURVE -- no additional information required. 

HILBERT CURVE — no additional information required. 

TRINARY TREE -- no additional information required. 

SIMPLE SPIRAL -- no additional information required. 

SUPER SPIRAL — first draw a complex, non-closed figure on the 
screen using DRAW (CARTESIAN), and then invoke SUPER SPIRAL. 

DRAW (CARTESIAN) -- joystick 0 is used to produce line drawings; 
the stick controls the cursor motion and the trigger controls 
pen up/down. 

DRAW (POLAR) — similar to DRAW (CARTESIAN) but uses -spaceship 
type control; it is very difficult to use. 

WALL BANGER -- first draw a complex, closed, maze-like figure on 
the screen using DRAW (CARTESIAN), and then invoke WALL BANGER. 



HOLLYWOOD SQUARES — no additional information required. 

KOCH CURVE — no additional information required. 

THE ZAPPER through COLORPOWER — see "ATARI WSFN, an 
introduction....". 

Note that the audio select command (CTRL-A) may be invoked while 
another command is executing without affecting the operation of 
that command; the same holds true for the turtle representation 
selection (CTRL-T). 

Note also that additional demonstration programs can be stored 
and loaded from a mass storage peripheral such as cassette or 
disk using the get (CTRL-G) and put (CTRL-P) commands. 
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UNUSED 


screen mode (see below) 


The screen modes and their characteristics are shown 
below: 
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SECTION 9 

RESIDENT LANGUAGE TRANSLATORS 


REFERENCE 

NUMBER PROGRAM PAGE 

FI SMAL: Symbolic Microcontroller Assembly Language.9-1 

F2 ML80: Structured Assembler for 8080 . 9-3 

F3 BASIC/M Translator and Interpreter.9-5 

F7 LLL BASIC Interpreter.9-7 

F8 Octal Debugging Program CODT for the MCS-80 Computer.9-9 

F9 4040 Cross Assembler for Intel lec 8/M0D 80 and MDS-800. 9-11 

F10 Cross Assembler ASM08 . 9-13 

F11 8080 Macro Assembler Version 4.1.9-15 

F12 8008 Macro Assembler Version 2.0.9-17 

F13 Sequential Pascal Compiler PAS80 Version 1.0.9-19 

F14 RIA80.9-23 

F15 LLL/Chernack Basic Interpreter.9—25| 


2/6/78 















WS FAJ 


L i~tAM-n c \ 


\r\ 


A 


io 


aatspcue, — 

( T ) cLe^c-V 

(£) Se+-fU 


G-^TCH 




w C Ua\/ 4^V0>£b t ^ pi- ( v*e_ 

TsK- KCRU^_ ^ r 

— • 

5^ WtW Z(U— MkrK, lte.U .5 Crvvo 

It^po; ilue U»ia4iI U&£rl t.p 4i^<U-v_ 

teSoA ^ vn^ ua pj^~ ((n£ 


CT fcL*- p Cwow*. ^ 


fa> iKpJ (ue. 4 a/ € i , 4 -t u,^ . 

X)' 


$ cU4llA<?j ^ 


V. 




t —s 







the sunnyale singers in ' 

concert 

Program: An evening of delightful Christmas music including Harry 
Simeon's traditional holiday music, Randall Thompson's 
"Last Words of David" and music by local composer Hal 
Peterson. 

WHEN: Saturday, December 10 


TIME: 8 p.m. 


WHERE: Sunnyvale Performing Arts Center 

550 E. Remington 
Sunnyvale 

About the Singers : The Sunnyvale Singers are a fifty member chorale 

comprised of talented local singers. The singers 
are conducted by Cheryl Stewart and accompanied by 
Betty Kettman, Tim Stahlke and Julie Bray. 

Tickets: $2.00 Adults, $1.00 Seniors and Students. Tickets are 
available at the Box Office at the Theater Tuesday and 
Wednesday 3-5 p.m. and Thursday through Saturday 4-8 p.m. 
Phone 733-6611 for reservations. 

For more information: Phone Pat Plant at 735-8340 
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7.1.9 RECORD FORMATS 


LINK ID (TYPE 1) 
Record 



iT Wz2Z72W2MZ2a 

LINK NUMBER 

Special case: 

LINK #377777 ^ 


1 1^72mmz22zzz. 

3 7 7 7 7 7 

Base address of blank COMMON 

Total disk storage requirecf 

Size of resident code 

Base address of LINK table 

Task Priority - 

Task entry point. 

Partition name (Word #1) 

[Partition name (Word #2E 

Partition base address 

Highest core address usecT 

COMMON block name (Word #!) 

COMMON block name (Word #2) 

COMMON block base address 

COMMON block size 


" Same format 

as above .... . 



Same format 

as above 



Same format _ 

as above 

! .Ill «■■»«!» 


Same format 

as above 



CONTIGUOUS BLOCKS 
(TYPE 2) RECORD 


COMMON 
Block #1 


COMMON 
Block #2 


COMMON 
Block #3 


COMMON 
Block #4 


COMMON 
Block #5 



i "i. _ 

LOAD ADDRESS 

n l 

1 

words 

f 

A_ 

n 2 

1 LOAD ADDRESS 

4 


n 2 

words 


7 7 7 7 7 7 


Possible unused wc 



LOAD ADDRESS 


•A 


n words 
m 


All LINKS begin with a type 1 record, 
normally followed by type 2 records, 
followed by at least one type 3 record. 


Loading LINK #377777 loads the LINK Table. 
Loading LINK #0 loads the resident code. 



PATCH (TYPE 3) 
RECORD 



A 


•C=0 • Store B at A 

C=1 Store the address 
field (low order 
12 or 13 bits) 
of B in the 
address field at 
A 

C=2 Add the base of 
Blank Common 
to B and store 
sum at A 


100 
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Ref.#C30 


insite 


INTEL* USER’S LIBRARY SUBMITTAL FORM 


Program 

Title 

Function 


Required 

Hardware 


Required 

Software 


Input 

Parameters 


Output 

Results 


□ 4004/4040 □ 8008 IS 8080 D8048 D8085 □ Other_ _(use additional sheets if necessary) 


8008 Cross Assembler for 8085 - MACRO Definition Set — 
M8008.SRC 

Permits assembly of programs written in 8008 assembly 
language with an 8080 Macro Assembler. 


ISIS II System 


8080/8085 Macro Assembler 


A source program written in 8008 assembly language with 
only slight modifications which are specifically detailed 
in the source listing of M8008.SRC. 


An assembly of the source program to be used as is to 
create an absolute paper tape or the list as input to 
the 8080 program LPSTPR which follows to output a more 
readable object listing on a lineprinter. 


Offered as one 
program with Ref.#C30A 


Registers Modified: 

Programmer: 

H. Webster 

RAM Required: 

Company: 

Bedford Computer Systems 

ROM Required: 

Address: 

3 Preston Court 

Maximum Subroutine Nesting Level: 

City: 

Bedford 

Assembler/Compiler Used: 

State: 

ISIS-II 8080/8085 Macro Ass.,V2.C 

Massachusetts 01730 


© Intel Corporation, 1976 98-034D 

6/78 6-65 
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the sunnyale singers in 
concert 


Program: An evening of delightful Christmas music including Harry 
Simeon's traditional holiday music, Randall Thompson's 
"Last Words of David" and music by local composer Hal 
Peterson. 


WHEN: Saturday, December 10 


TIME: 8 p.m. 

WHERE: Sunnyvale Performing Arts Center 

550 E. Remington 
Sunnyvale 

About the Singers : The Sunnyvale Singers are a fifty member chorale 

comprised of talented local singers. The singers 
are conducted by Cheryl Stewart and accompanied by 
Betty Kettman, Tim Stahlke and Julie Bray. 

Tickets: $2.00 Adults, $1.00 Seniors and Students. Tickets are 
available at the Box Office at the Theater Tuesday and 
>-? Wednesday 3-5 p.m. and Thursday through Saturday 4-8 p.m. 
Phone 733-6611 for reservations. 

For more information: Phone Pat Plant at 735-8340 






Lg^CkriGrThi 


r 

M frGTC. CAR .PeT" 


I 


I_ 


“ VC® £ c 2 . KyfiL lcj><t> 4 - p} C c 3 (£-+ ? 3 ” ) 

F 





f 


1 

v _ _ 


- J 

y 



vj) - 


\Ivi\<e 
























lu - : 





C cAor — C-6Vw>pc/f Cc)ior <L 


EA<j£. <£ il^ev'J 

1>XE_(F>0 

























































































































—Z(7.Lf\F02)_) 






















Function 


Required 

Hardware 


Required 

Software 


Input 

Parameters 



Output 

Results 



MICROCOMPUTER USER’S 
LIBRARY SUBMITTAL FORM Ref N ° —ai 


□ 4004 □ 4040 □ 8008 0C8O8O (use additional sheets if necessary) 


NOVA Cross Assembler for INTEL 8080 

To assemble programs written in the INTEL 8080 language and output a 
listing and a paper tape of the assembly. 


DATA GENERAL NOVA minicomputer with 8K or larger memory and an SOS or 
better operating system; teletype and line printer. 


The following DATA GENERAL software: 

1. SOS software drivers for the TTY, LPT or other input device. 

2. Trigger produced by SYSGEN (091-000070-03). 

3. RELOCATABLE MATH LIBRARY (099-000001-02). 

4. OPTIONAL - SOS CASSETTE LIBRARY (099-000041) 

or SOS MAGNETIC TAPE LIBRARY (099-000042). 


This is a two pass assembler. The only inputs in addition to the source 
program are user responses to the questions put forth by the assembler 
with respect to input and output. 

The operating procedure is described in the first several pages of the 
enclosed printout. 

A listing of the source is output to the line printer. A tape of the 
assembly results is output to the teletype paper tape punch. This tape 
may be in BINARY, ASCII OCTAL or BNPF. 


NOTE: The test program can consist of any 8080 source program. 

However, complete verification would require use of a source that 
contains all of the 8080 instructions. 


Registers Modified: 

Assembler/Compiler Used: 

NA 

NA 

RAM Required: 

Programmer: 

NA 

Greg A. Head, D.834 (317/3S3-3243) 

ROM Required: 

Company: 

NA 

Naval Avionics Facility 

Maximum Subroutine Nesting Level: 

Address: , 

6000 E. 21st Street 
Indianapolis. Ind. 46218 


98-034B 


6-11 







































MICROCOMPUTER USER’S 
LIBRARY SUBMITTAL FORM 


D2 


inUL 

□ 4004 0 8008 □ 8080 


Ref. No. 


(use additional sheets if necessary 


Program 

Title 

Function 


Required 

Hardware 


Required 

Software 


Input 

Parameters 


Output 

Results 


BINARY SEARCH ROUTINE 

Uses a binary search method to find a character in a table 
of characters. 


None. 


None. 


E register = character searching for 
D register = length of table (1 to 255 characters) 

H, L registers = address of first character in the table 
Note: The table must be arranged in ascending order. 


If the character is found, 

A register = 1 

B register = index of character in the table (0 to 254) 

If the character is not found, 

A register = 0 


Registers Modified: 

Maximum Subroutine Nesting Level: 

A, B, C, D, H, L 

0 

RAM Required: 

Assembler/Compiler Used: 

None 

MAC 8 

ROM Required: 

Programmer: 

o 

i — 1 
LO 



Company: 


7-5 
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15816 SAN BENITO WAY 
LOS GATOS. CA 95030 
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the sunnyale singers in ' 

concert 

Program: An evening of delightful Christmas music including Harry 
Simeon's traditional holiday music, Randall Thompson's 
"Last Words of David" and music by local composer Hal 
Peterson. 

WHEN: Saturday, December 10 


TIME: 8 p.m. 

WHERE: Sunnyvale Performing Arts Center 

550 E. Remington 
Sunnyvale 

About the Singers : The Sunnyvale Singers are a fifty member chorale 

comprised of talented local singers. The singers 
are conducted by Cheryl Stewart and accompanied by 
Betty Kettman, Tim Stahlke and Julie Bray. 

Tickets: $2.00 Adults, $1.00 Seniors and Students. Tickets are 
available at the Box Office at the Theater Tuesday and 
Wednesday 3-5 p.m. and Thursday through Saturday 4-8 p.m. 
Phone 733-6611 for reservations. 

For more information: Phone Pat Plant at 735-8340 
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the sunnyale singers in 
concert 



Program : An evening of delightful Christmas music including Harry 
Simeon's traditional holiday music, Randall Thompson's 
"Last Words of David" and music by local composer Hal 



Peterson. 

WHEN: 

Saturday, December 10 

TIME: 

8 p.m. 

WHERE: 

Sunnyvale Performing Arts Center 
550 E. Remington 

Sunnyvale 


About the Singers : The Sunnyvale Singers are a fifty member chorale 

comprised of talented local singers. The singers 
are conducted by Cheryl Stewart and accompanied by 
Betty Kettman, Tim Stahlke and Julie Bray. 


Tickets: 


$2.00 Adults, $1.00 Seniors and Students. Tickets are 
available at the Box Office at the Theater Tuesday and 
Wednesday 3-5 p.m. and Thursday through Saturday 4-8 p.m. 
Phone 733-6611 for reservations. 



For more information: Phone Pat Plant at 735-8340 
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MATHEMATICAL 

GAMES 

In which “monster” curves force 
redefinition of the word “curve” 

by Martin Gardner 


When Zulus cannot smile, they frown. 
To keep an arc before the eye. 
Describing distances to town, 

They say, “Asflies the butterfly.” 

—John Updike, “Zulus Live 
in Land without a Square” 

A fascinating aspect of the history of 
mathematics is the way that the 
definitions of names for classes 
of mathematical objects are continually 
revised. The process usually goes like 
this: The objects are given a name, x, 
and defined in a rough way that con¬ 
forms to intuition and usage. Then 
someone discovers an exceptional ob¬ 
ject that meets the definition but clearly 
is not what everyone has in mind when 
he calls an object x. A new and more 
precise definition is then proposed that 
either includes the exceptional object or 
excludes it. The new definition “works” 
as long as no new exceptions arise. If 
they do, the definition has to be revised 
again, and the process may continue in¬ 
definitely. 

If the exceptions are strongly counter 
to intuition, they are sometimes called 
monsters. The adjective pathological is 
often attached to them. This month we 
consider the word “curve,” describe a 
few monsters that have forced redefini¬ 
tions of the term and introduce a fright¬ 
ening new monster captured last year by 
William Gosper, a brilliant young com¬ 
puter scientist now living in Los Altos 
Hills, Calif. Readers of this department 
have met Gosper before in connection 
with the cellular-automata game Life. 
It was Gosper who constructed the 
“glider gun” that made it possible to 
“universalize” Life’s cellular space. 

Ancient Greek mathematicians had 
several definitions for curves. One was 
that they are the intersection of two sur¬ 
faces. The conic-section curves, for in¬ 
stance, are generated when a cone is cut 
at certain angles by a plane. Another 
was that they are the locus of a moving 
point. A circle is traced by a rotating 
compass leg, an ellipse by a moving sty¬ 
lus that is stretching a closed loop of 


string around two pins, and so on for 
other curves generated by more compli¬ 
cated mechanisms. 

Seventeenth-century analytic geome¬ 
try made possible a more precise defini¬ 
tion. Familiar curves became the dia¬ 
grams of algebraic equations. Could a 
plane curve be defined as the locus of 
points on the Cartesian plane that satis¬ 
fy any two-variable equation? No, be¬ 
cause the diagrams of some equations 
emerge as disconnected points or lines, 
and no one wanted to call such diagrams 
a curve. Calculus suggested a way out. 
The word “curve” was limited to the loci 
of points that satisfy equations that are 
continuous functions. 

It seems intuitively obvious that if a 
curve diagrams a continuous function, it 
should be possible to differentiate the 
function or, what amounts to the same 
thing, to draw a tangent to any point on 
the curve. In the second half of the 19th 
century, however, mathematicians be¬ 
gan to find all kinds of monster curves 
that had no unique tangent at any point. 
One of the most disturbing of such mon¬ 
sters was described in 1890 by the Ital¬ 
ian mathematician and logician Giu¬ 
seppe Peano. He showed how a sin¬ 
gle point, moving continuously over a 
square, could (in a finite time) pass at 
least once through every point on the 
square and its boundary! (Actually any 
such curve must go through an infinity 
of points more than once.) Peano’s 
curve is a legitimate diagram of a con¬ 
tinuous function. Yet nowhere on it can 
a unique tangent be drawn because at no 
instant can we specify the direction in 
which a point is moving. 

David Hilbert proposed a simple way 
to generate a Peano curve with two end 
points. The first four steps of his recur¬ 
sive procedure should be clear from the 
pictures at the top of the illustration at 
the right. At the limit the curve begins 
and ends at the square's top corners. The 
four steps at the bottom of the illustra¬ 
tion show how Waclaw Sierpinski gen¬ 
erated a closed Peano curve. 

In both versions think of the suc¬ 


cessive graphs as approximations ap¬ 
proaching the graph of the limit curve. 
This limit curve in each version is in¬ 
finitely long and completely fills, the 
square even though each approximation 
misses an uncountable infinity of points 
both of whose coordinates are irratio¬ 
nal. (In general the limit of a sequence of 
approximation curves may go through 
many points that are not on any of 
the approximations.) Sierpinski’s curve 
bounds an area 5/12 that of the square. 
Well, not exactly. The constructions ap¬ 
proach this fraction as a limit, but the 
curve itself, the diagram of the limiting 
function, abolishes the distinction be¬ 
tween inside and outside! 

Peano curves were a profound shock 
to mathematicians. Their paths seem to 
be one-dimensional, yet at the limit they 
occupy a two-dimensional area. Should 
they be called curves? To make things 
worse, Peano curves can be drawn just 
as easily to fill cubes and hypercubes. 

Helge von Koch, a Swedish mathema¬ 
tician, proposed in 1904 another de¬ 
lightful monster now called the snow¬ 
flake curve. We start with an equilateral 
triangle and apply the simple recursive 
construction shown in the top illustra¬ 
tion on page 126 to generate a crinkly 
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curve resembling a snowflake. At the A 3-space analogue of the snowflake published in lylU a recursive construc- 
Umit it is infinite in length; indeed, the is constructed by dividing each face of a tion for cutting a region into three subre¬ 
distance is infinite between any two arbi- regular tetrahedron into four equilateral gions in such an insane way that at the 

trary points on the curve! The area triangles, erecting a smaller tetrahedron limit all three subregions touch at every 

bounded by the curve is exactly 8/5 that on the central triangle and continuing point [see “Geometry and Intuition,” 

of the initial triangle. Like a Peano the procedure indefinitely. At the limit by Hans Hahn; Scientific American, 

curve, its points have no unique tan- the prickly surface is infinite in area, yet April, 1954]. Brouwer s construction 

r~>ts, which means that the curve’s gen- it bounds a finite volume. The cube pro- generalizes to divide a region into n 

ing function, although continuous, duces a similar analogue of the cross- subregions, all meeting at every point, 

has no derivative. stitch. A more recently discovered family of 

If the triangles are constructed inward We can generalize further by dividing monsters, the dragon curves, were intro- 
instead of outward, one gets the anti- the sides of a regular polygon into more duced in this department in March, 

snowflake curve. Its perimeter is also in- than three parts. For example, divide 1967 , and were later analyzed by Chan- 

finite, and it bounds an infinity of dis- each side of an equilateral triangle into dler Davis and Donald E. Knuth m a 

connected regions with a total area five parts, erect smaller triangles on the two-part article in Journal of Recrea- 

equal to 2/5 that of the original triangle, second and fourth sections and repeat to tional Mathematics (Vol. 3, April and 

One can start with regular polygons of the limit. For an ultimate generalization \July, 1970). . 

more than three sides and erect similar begin with any closed curve that can be It is now my privilege to present Gos- 
polygons on the middle third of each divided into congruent segments, then per’s new monster, a beautiful space-fill- 

side. A square, with the added squares alter the segments any way you like, ing curve he calls the flowsnake. Its con- 

projecting outward, produces the cross- provided the alteration is segmented so struction starts with a pattern of seven 

stitch curve of infinite length that that the change can be repeated on the regular hexagons [see bottom illustration 

bounds an area twice the original smaller segments and carried to the on next page]. Eight vertexes are joined 

square. (See my Sixth Book ofMathemat - limit. Analogous constructions can as shown by the colored line, made up of 

ical Games from Scientific American, be made on the surfaces of solids. Of seven segments of equal length. The col- 

Chapter 22.) If the added squares go in- course, the results may be messy, self- ored line is order 1 of the flowsnake. 

ward, they produce the anti-cross-stitch, intersecting curves or surfaces of no Order 2, shown in black, is obtained by 

an infinite curve that bounds no area, special interest. replacing each colored segment with a 

Similar constructions, starting with A book could be written about other similar twisted line of seven segments, 

polygons of more than four sides, pro- kinds of pathological planar monsters. Each segment of the black lme is 1/v 7 

duce curves that self-intersect. The Dutch topologist L. E. J. Brouwer the length of a colored segment; this 



Peano curves: David HilbeYt's open one (top) and Waclaw Sierpinski’s closed one (bottom) 
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proportion holds at every stage of the 
construction. 

The recursive procedure is continued 
to produce flowsnakes of higher orders. 
The illustration on the opposite page 
shows two computer drawings of flow- 
snakes of orders 3 and 4. By dividing the 
plane into black and white, with the bi¬ 
furcating line passing through the flow- 
snake’s end points, we see how the curve 
cuts the plane into two regions that twist 
about in almost, but not quite, the same 
pattern. 

The curve that diagrams the limit of 
the successive flowsnake functions pass¬ 
es through every point of its region at 
least once, completely filling the space. 
The curve is infinite and nondifferentia- 
ble. Like the straight line, it is self-simi¬ 
lar in the sense that if you enlarge any 
portion of it, the pattern always looks 
the same. Snowflake curves have the 
same property. 

“Of course we have no physical snow¬ 
flake curves,” Philip Morrison has writ¬ 
ten. “Nature gives no infinities, not even 
within molecular collisions. There is a 
cutoff at the angstrom level. Still, sur¬ 
prises abound.” By surprises Morrison 
means those random natural patterns 
that have, in a statistical sense, the prop¬ 
erty of self-similarity as successive en¬ 
largements are made. His remarks ap¬ 
pear in a review [Scientific American, 
November, 1975] of a remarkable 
French book, Les Objets Fractals: Forme, 
Hasard et Dimensions, by Benoit Man¬ 
delbrot. A much-expanded version in 
English will be published next year. 

Mandelbrot is a Polish-born French 
mathematician who is currently an IBM 
Fellow at the Thomas J. Watson Re¬ 
search Center at Yorktown Heights, 
N.Y. Like Stanislaw Ulam and many 
other eminent Polish mathematicians, 
Mandelbrot has had a career involving a 
marvelous mixture of creative work in 
both pure and applied mathematics, no¬ 
tably in physics and economics. His 
teacher, the French mathematician Paul 
Pierre L6vy, made the first systematic 
study of statistically self-similar curves, 
but they were regarded as useless, bi¬ 
zarre curiosities until Mandelbrot rec¬ 
ognized them as being a basic tool for 
analyzing an enormous variety of physi¬ 
cal phenomena. 

Mandelbrot’s forthcoming book is 
filled with pictures of just such phenom¬ 
ena. Consider coastlines. Their butter¬ 
fly-flight irregularity is statistically self¬ 
similar. A coastline looks the same from 
a high altitude as it does from a low one. 
It is meaningless to speak of a coastline’s 
“length” because it all depends on the 
precision of measurement. As Morrison 
puts it, “a coastline on maps at varying 
scales obeys a power law like the snow¬ 
flake curve’s, from a scale of hundreds 
of kilometers down to one of perhaps 
meters, where geography stops and peb¬ 
bles begin.” 

The surface of the moon is another 



example. Remember your surprise on 
seeing the first closeup photographs of 
the moon made from a satellite in orbit 
around it? The moon’s pocked surface 
looked basically as it did in photographs 
made with telescopes on the earth. Only 
the crater sizes were different. The same 
~^ndom self-similarity is found on the 

face of certain cheeses, in the scatter¬ 
ing of stars in the sky, in the contours of 
mountains, in atmospheric turbulence, 
in auditory noise and in countless other 
natural patterns. The Brownian motion 
of suspended particles approximates a 
statistically self-similar curve that (at 
the limit) has infinite length and no tan¬ 
gents. 

Let us go back to the flowsnake for a 
close look at its perimeter and at an 
amazing paradox. The perimeter can be 
constructed by a recursive procedure 
much simpler than the one used to get 
the flowsnake itself. The top illustra¬ 
tion on page 133 shows how it works. 
Start with a regular hexagon, then re¬ 
place each side with a zigzag line [color] 
of three equal segments, each 1/VT the 
original side. The result is a nonconvex 
18-gon. Since the zigzag line adds the 
same amount of area as it takes away, 
the 18-gon obviously has the same area 
as the original hexagon. Repeat the con¬ 
struction on each of the 18 sides to pro¬ 
duced 54-gon, and imagine that the re¬ 
cursive procedure is continued to the 
limit. At each step the number of sides 
triples, but the area never changes. At 
Jthe limit the area filled by the flowsnake 

exactly the same as the area of the 

lginal hexagon. 

The entire region has an astounding 
property. It can be dissected, as is shown 
in the illustration on the next page, into 
seven subregions, each of which is an 
exact copy of the entire region. 

Now for the paradox. What is the ra¬ 
tio of the area of a subregion to the en¬ 
tire region? Clearly it is 1/7, since seven 
identical subregions make up the whole. 
But let us approach it from another an¬ 
gle, remembering that the areas of simi¬ 
lar figures are proportional to the square 
of their linear dimensions. If the bound¬ 
aries of three subregions are bisected, as 
is shown by the line AB in the illustra¬ 
tion, the six segments exactly fit the pe¬ 
rimeter of the entire region. Clearly the 
boundary of a subregion must be en¬ 
larged by a linear factor of 3 to fit the 
boundary of the entire region. But if this 
is true, the areas must be in a ratio of 
(1/3)2 = 1/9. We seem to have proved 
that the ratio of the areas is both 1 /7 and 
1 /9. As Gosper asked when he first sent 
the paradox, Vas ist los? 

The answer lies in the peculiar, coun¬ 
terintuitive character of the pathologi¬ 
st boundary. There is no fuzziness 

>ut the area of the region it bounds. It 
w indeed seven times the area of a sub- 
region. The boundary is not so well be¬ 
haved. It is true that the boundary of a 
subregion is exactly similar to the over- 



Flowsnakes of order 3 (top) and order 4 (bottom) 
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all boundary, but if the two are to be 
made congruent, the subregion must 
be magnified by a linear factor of 
VT = 2.645.... not by a factor of 3 as it 
would appear. 

A deep question now arises. What “di¬ 
mension" should be assigned to the 
flowsnake’s boundary? Like the snow¬ 
flake, it lies in a strange twilight zone 
between one dimension and two dimen¬ 
sions. In 1919 a German point-set topol¬ 
ogist, Felix Hausdorff, resolved the diffi¬ 
culty by giving fractional dimensions to 
such curves, or what Mandelbrot in his 
book calls “fractal" dimensions. They 
should not be confused with what are 
known as Hausdorff spaces, which are 
topological structures that mercifully 
we do not have to go into here. 


A flowsnake paradox 
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limit because it completely fills a plane 
region. 

As we saw above, an enormous varie¬ 
ty of fractal curves that do not self-inter¬ 
sect can be produced by simple recur¬ 
sive procedures. So can fractal surfaces 
with dimensions greater than 2, fractal 
solids with dimensions greater than 3 
and so on. The illustration below, repro¬ 
ducing one that is in Mandelbrot’s book, 
is made by replacing lines of four units 
with lines of eight units (as shown at the 
top) to produce a squarish, asymmetric 
snowflake with dimension log 8/log 
4 = 1.5. Since each alteration of a seg¬ 
ment adds the same amount of area as it 
subtracts, the limit curve bounds the 
same area as the original square. 

Note that the Hausdorff dimension is 
a measure of complexity. The square 
snowflake is more complex than von 
Koch’s snowflake because its dimension 


is higher. Mandelbrot has been working 
with such curves for so long that he has 
acquired an uncanny ability to look at a 
new fractal curve and, by an intuitive 
estimate of its complexity, guess its di¬ 
mension with high accuracy. 

In the light of these crazy curves, how 
do mathematicians currently define a 
curve? The scene is so crowded with 
monsters that no single definition cov¬ 
ers all the objects to which the word 
“curve” is commonly applied. The to¬ 
pologist defines a curve as a set of points 
that are compact, connected and form a 
one-dimensional continuum. To make 
the definition clear, however, a lengthy 
discourse on point-set topology would 
be required. The definition catches well- 
behaved curves that diagram functions 
with derivatives, but it misses some of 
the nondifferentiable monsters we have 
been considering. 

When attempts are made to define 
surface and volume, monsters more ter¬ 
rifying than flowsnakes crawl onto the 
landscape. This is a topic that must be 
postponed for a future column. 

O ne of last month’s problems was to 
guess how Dr. Matrix made a gob¬ 
let of wine vanish inside a cylinder. The 
goblet was made of ice and was kept in 
its mold inside a freezer until Dr. Matrix 
was ready to perform. At the center of 
the table a small hole at the base of a 
slightly conical metal disk led into a hol¬ 
low central leg. The disk was wired so 
that it became hot when Dr. Matrix 
pushed a concealed button on his desk. 
When the goblet melted, the water and 
the wine drained into the table leg. 

It is easy to show how Dr. Matrix’ 


formula of two variables, ( b + 1 )/a, 
generates a sequence of numbers that 
loops with period 5. Let a be the first 
number of the sequence and b the sec¬ 
ond. When the formula is applied recur¬ 
sively, the third number is ( b + 1 )/a, the 
fourth is (a + b + 1 )/ab, the fifth is 
(a + 1 )/b, the sixth is a and the seventh 
is b. The formula apparently was first 
noted by R. C. Lyness in The Mathemati¬ 
cal Gazette (Vol. 26, 1942, page 62). 

M any readers will be interested in 
two mathematically beautiful ob¬ 
jects just placed on sale in the U.S. One 
is a splendid book on anamorphic art, 
profusely illustrated and with many col¬ 
or plates. Inserted in the book is a sheet 
of mirror paper for making a cylinder in 
which the distorted art can be viewed. 
The book, with the text by Fred Lee- 
man, is titled Hidden Images: Games of 
Perception, Anamorphic Art, Illusion — 
from the Renaissance to the Present. Har¬ 
ry N. Abrams,inc., is the publisher. It is 
a translation of a Dutch book that grew 
out of a major exhibit of anamorphic art 
earlier this year in Amsterdam. The ex¬ 
hibit is now touring the U.S. 

The other item is an elegant but emi¬ 
nently playable chess set designed by Cy 
Endfield, heretofore available only in 
England. The silver- and gold-plated 
chess pieces are ingeniously cut at the 
top and the bottom so that they inter¬ 
lock to fit snugly over two cylinders. The 
leather-covered board, which folds into 
a box, has M. C. Escher’s horse-and-rid- 
er tessellation on the squares. Around 
the sides is Escher’s famous Metamor¬ 
phose, a sequence of pictures that inter¬ 
lock much as the chessmen do. 



The first three orders of Benoit Mandelbrot's square snowflake 
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1101160 


110110011100100 


1101100111001001 

.110110001100100 


1101100111001001 
1101100011001001 
1101100111001000 - 
110110001100100 


Sea dragons oj orders 0 to 6, with their b 


parently some do and some don’t, and Dutch. If he makes a mistake it is usu- 
some don’t know whether they do or ally caused by his confusing two num- 
dont. The French psychologist Alfred bers that sound alike. 

Binet was on a committee of the Aca- Aitken said in his lecture that he can 
demie des Sciences that investigated the visualize if he wishes; at various stages 
mental processes of two famous stage of calculation and at the finish the num- 
calculators of the late 19th century, a bers spring into visual focus. “But mostly 
Greek named Pericles Diamandi and it is as if they were hidden under some 
Jacques Inaudi, an Italian prodigy. In medium, though being moved about 
his 1894 book Psychology des grands with decisive exactness in regard to or- 
calculateurs et joueurs d echecs Binet re- der and ranging. I am aware in particu- 
ported that Diamandi was a visualizer lar that redundant zeros, at the begin- 
but that Inaudi, who was six times as ning or at the end of numbers, never 
fast, was of the auditory-rhythmic type. occur intermediately. But I think that it 
The visualizers have almost always been is neither seeing nor hearing; it is a com- 
slower, although many professionals pound faculty of which I have nowhere 
were of this type, such as Dagbert, the seen an adequate description; though 
Polish calculator Salo Finkelstein and a for that matter neither musical memori- 
remaikable Frenchwoman who took the zation nor musical composition in the 
stage name of Mademoiselle Osaka. The mental sense have been adequately de- 
auditory calculators such as Bidder seem scribed either. I have noticed also at 
to be more rapid. William Klein, a times that the mind has anticipated the 

Dutch computer expert who used to per- will; I have had an answer before I even 

form under the name of Pascal (Life did wished to do the calculation- I have 

a story about him in its issue of Febru- checked it, and am always surprised that 

ary 18, 1952), is probably the fastest liv- it is correct.” 

ing multiplier, capable of giving the Aitken’s skull houses an enormous 
product of two 10-digit numbers in less memory bank of data. This is typical of 

than two minutes. He too is an auditory the lightning calculators; I doubt that 

calculator; indeed, he is unable to work there has ever been one who did not 

without muttering rapidly to himself in know the multiplication table through 



Three folds generate an order-3 dragon 


100, and some authorities have suspect¬ 
ed that Bidder and others knew it to 
1,000 but would not admit it. (Larger 
numbers can then be broken into pairs 
or triplets to be handled like single 
digits.) Long tables of squares, cubes, 
logarithms and so on are stored in the 
memory along with countless numerical 
facts—such as the number of seconds in 
a year or ounces in a ton-that are useful 
in answering the kind of question au¬ 
diences like to ask. Since 97 is the largest 
prime smaller than 100, calculators are 
often asked to compute the 96-digit re¬ 
curring period for 1/97. Aitken long ago 
memorized it, so that if anyone pops 
that question he can rattle off the answer 
effortlessly. 

There are in addition hundreds of 
shortcut procedures the calculator has 
learned or worked out for himself. The 
first step in any complicated calculation, 
Aitken pointed out, is to decide in a flash 
on the best strategy. To illustrate, he dis¬ 
closed a curious shortcut that is not well 
known. Suppose you were asked for the 
decimal reciprocal of a number ending 
in 9, say 59. Instead of dividing 1 by 59, 
you can add 1 to 59, making 60, then 
divide .1 by 6 in the manner shown in 
the top illustration on the preceding 
page. Note that at each step the digit 
obtained in the quotient is also entered 
in the dividend one place later. The re¬ 
sult is the decimal for 1/59. 

If asked to give the decimal for 5/23, 
Aitken went on, he sees at once that he 
can multiply by 3 above and below the 
line to obtain the equivalent fraction 
15/69, which has the desired 9 ending. 
He then changes 69 to 70, divides 1.5 
by 7 according to the procedure just ex¬ 
plained and gets his answer. But he can 
also change the fraction to 65/299 and 
divide .65 by 3, entering the number 
two places further along in the dividend. 

Which strategy is best? A decision has 
to be made instantly, Aitken said, and 
then followed by great steadfastness of 
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purpose. Midway through the calcula¬ 
tion it may flash into one’s mind that 
there is a better strategy. “One must 
resolutely ignore , that, and keep on rid¬ 
ing the inferior horse.” 

Aitken squares numbers by the meth¬ 
od shown in the bottom illustration on 
page 117. The b is chosen to be fairly 
small and such that either (a -f b) or 
(a — b) is a number ending in one or 
more zeros. In the case illustrated Aitken 
lets b equal 23. Having memorized a ta¬ 
ble of lower squares, he knows that 23 2 is 
529 without thinking. During his lecture 
he was given seven three-digit numbers, 
each of which he squared almost instant¬ 
ly. Two four-digit numbers were squared 
in about five seconds. Note that Aitken’s 
formula, when applied to any two-digit 
number ending in 5, leads to a delight¬ 
fully simple rule that is worth remem¬ 
bering: Multiply the first digit by itself- 
plus-one and affix 25. For example, 85 X 
85: 8 times 9 is 72, and appending 25 
makes 7,225. 

Thomas H. O’Beirne, a Glasgow 
mathematician with whom I correspond, 
mentioned in a recent letter that he once 
went with Aitken to an exhibition of 
desk calculators. “The salesman-type 
demonstrator said something like ‘We’ll 
now multiply 23,586 by 71,283/ Aitken 
said right off ‘And get.. / (whatever it 
was). The salesman was too intent on 
selling even to notice, but his manager, 
who was watching, did. When he saw 
Aitken was right, he nearly threw a fit 
(and so did I).” 

The machines are, of course, discour- 
aging young people with wild talents 
like Aitken’s from developing their skills. 
Aitken confessed at the close of his lec¬ 
ture that his own abilities began to de¬ 
teriorate as soon as he acquired his first 
desk machine and saw how gratuitous 
his skill had become. “Mental calcula¬ 
tors may, like the Tasmanian or the 
Moriori, be doomed to extinction,” he 
concluded. “Therefore... you may be 
able to feel an almost anthropological in¬ 
terest in surveying a curious specimen, 
and some of my auditors here may be 
able to say in the year a.d. 2000, ‘Yes, I 
knew one such/ ” 

Next month I shall discuss some of the 
tricks of stage calculators by which even 
a tyro can obtain impressive results. 
Even the masters have not been above 
introducing pseudo-calculations into 
their stage work, much like an acrobat 
who gets applause for a showy feat that 
actually is not difficult at all. 

r Phe answers td the set of problems 
A presented here last month follow: 

1. (1) False (for example, the square 


root of 1/4 is 1/2). (2) 1963 pennies are 
worth $19.63. (3) No. All even numbers 
(except 2) are composite. Every se¬ 
quence of composite numbers separat¬ 
ing two primes must therefore begin 
and end with an even number. Conse¬ 
quently the sequence will contain an odd 
number of composite numbers. Since 10 
is even, there cannot be 10 composite 
numbers between two primes. (4) Alan 
W. Wolff is a lady. (5) Six. (6) A quarter- 
inch. The first page of Volume I and the 
last page of Volume II are separated 
only by two covers. (7) Let a stand for 
1234567890 and write the simple equa¬ 
tion a 2 — (a — 1) (a + 1) = 1, which re¬ 
duces to-1 = 1. (8) Yes. A tetrahedron 
has four faces, and so the assertion that 
it has “four or five faces” is correct. (9) 
123456789. (10) Zero. (11) He deals the 
bottom card to himself, then continues 
dealing from the bottom counterclock¬ 
wise. (12) Deny. 

2. nora X l = aron has the unique 
solution 2178 x4 = 8712. Had Nora’s 
middle initial been A, the unique solu¬ 
tion would have been 1089 X 9 = 9801. 
The numbers 2178 and 1089 are the only 
two smaller than 10,000 with multiples 
that are reversals of themselves (exclud¬ 
ing trivial cases of palindromic numbers 
such as 3443 multiplied by 1). Any 
number of 9’s can be inserted in the 
middle of each number to obtain larger 
(but dull) numbers with the same prop¬ 
erty; for instance, 21999978 X 4 = 
87999912. For a recent report on such 
numbers, in all number systems, see 
“Integers That Are Multiplied when 
Their Digits Are Reversed,” by Alan 
Sutcliffe, in Mathematics Magazine , 
Vol. 39, No. 5, November, 1966, pages 
282-287. 

3. Each dragon curve can be de¬ 
scribed by a sequence of binary digits, 
with l’s standing for left turns and 0’s 
for right turns as the curve is traced on 
graph paper from tail to snout. The for¬ 
mula for each order is obtained from the 
formula for the next lowest order by the 
following recursive technique: add 1, 
then copy all the digits preceding that 
1 but change the center digit of the set. 
The order-1 dragon has the formula 1. 
In this case, after adding a 1 there is 
only one digit on the left, and since it 
is also the “center” digit we change it to 
0 to obtain 110 as the order-2 formula. 
To get the order-3 formula add 1, fol¬ 
lowed by 110 with the center digit 
changed: 1101100. Higher-order formu¬ 
las are obtained in the same way. It is 
easy to see that each dragon consists of 
two replicas of dragons of the next low¬ 
est order, but joined head to head so that 
the second is drawn from snout to tail. 



Geometric method 


The top illustration on the opposite 
page shows dragon curves of orders 0 to 
6. All dragons are drawn from tail to 
snout and are here turned so that each is 
swimming to the right, the tips of his 
snout and tail touching the waterline. If 
each 1 is taken as a symbol of a right turn 
instead of a left and each 0 as a left turn, 
the formula produces dragons that face 
the opposite way. The colored spots on 
each curve correspond to the central l’s 
in the formulas for the successive orders 
from 1 to the order of the curve. These 
spots, on a dragon of any order, lie on a 
logarithmic spiral. 

The dragon curve was discovered by 
physicist John E. Heigh way as the re¬ 
sult of an entirely different procedure. 
Fold a sheet of paper in half, then open 
it so that the halves are at right angles 
and view the sheet from the edge. You 
will see an order-1 dragon. Fold the 
same sheet twice, always folding in the 
same direction, and open it so that every 
fold is a right angle. The sheet’s oppo¬ 
site edges will have the shapes of order-2 
dragons, each a mirror image of the 















That’s an important memo 
for the executive consider¬ 
ing sites for a new plant. 
"IT is Industrial Tempo, 
the sum total of many 
factors that add up to the 
fact that Baltimore County 
is the perfect choice. IT 
is a prosperous economy, a 
concentration of science- 
research-engineering firms, 
nearness to Washington, 
D.C., leading colleges and 
universities, an ample 
skilled labor supply, many 
cultural advantages . .. 
these and much more! 


SELECTING A PLANT SITE ? 
WRITE OR CALL: 


H. B. STAAB, Director Dept.s. 

BALTIMORE COUNTY 

Industrial Development Commission 

Jefferson Building, Towson, Md. 21204 
Phone: 823-3000 (Area Code 301) 


Four order-6 dragons joined at their tails 


other. Folding the paper in half three 
times generates an order-3 dragon, as 
illustrated at the bottom of page 118. 
In general n folds produce an order-n 
dragon. 

The binary formula can be applied, of 
course, to the folding of a strip of paper 
(adding-machine tape works nicely) into 
models of higher-order dragons. Let 
each 1 stand for a “mountain fold,” each 
0 for a “valley fold.” Start at one end 
of the strip, making the folds according 
to the formula. When the strip is opened 
until each fold is a right angle, it will 
have the shape of the dragon corre¬ 
sponding to the formula you used. 

Physicist Bruce A. Banks discovered 
the geometric construction shown on the 
preceding page. It begins with a large 
right angle. Then at each step each line 
segment is replaced by a right angle of 
smaller segments in the manner illus¬ 
trated. This is analogous to the con¬ 
struction of the “snowflake curve,” as ex¬ 
plained in this department in April, 
1965. The reader should be able to see 
why this gives the same result as paper 
folding. 

William G. Harter, the third of the 
three physicists who first analyzed the 
dragon curve, has found a variety of fan¬ 
tastic ways in which dragons can be fit¬ 


ted together snugly, like pieces of a 
jigsaw puzzle, to cover the plane or to 
form symmetrical patterns. They can be 
joined snout to snout, tail to tail, snout 
to tail, back to back, back to abdomen 
and so on. The illustration below shows 
a tail-to-tail-to-tail-to-tail arrangement 
of four right-facing order-6 dragons. If 
the jeader wishes to produce an eye- 
dazzling pattern, let him fit together in 
this way four order-12 dragons like the 
one shown last month. For dragon-join- 
ing experiments it is best to draw your 
dragons on transparent paper that can 
be overlapped in various ways. I would 
enjoy hearing from readers who find any 
unusual properties of this newly discov¬ 
ered curve. 

4. The top illustration on page 123 
shows how as few as six dominoes can be 
placed so that if each is given a color, 
four colors are necessary to prevent two 
dominoes of the same color from touch¬ 
ing along a border. 

5. Five spots can be placed on the 
figure as shown in the bottom illustration 
on page 123 so that each pair is sepa¬ 
rated by a distance equal to the square 
root of 2 or more. There is enough lee¬ 
way to allow each dot to be shifted 
slightly and therefore the number of dif¬ 
ferent patterns is infinite. Did the reader 
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An INTERACTIVE PROGRAMMING 
LANGUAGE for CONTROL of ROBOTS 

by Lichen Wang 


Dear Jim: Received: 77-Oct-19 

Here are the “Robot Control Language” write up and program 
listings that I told you about. I also included a program written in this 
language by Gordon French and some comments by Gregory Yob. 
[NOTE: Greg's comments appear at the end of this documentation—TWj 
Greg calls the language TINMAN; while I did not call it any name. If 
everything has to have an acronym, I would rather call it WSFN (Which 
Stands For Nothing). 

I also have a version of this language written in Control Baste (as 
opposed to Assembler Language as included). 

Lichen Wang 
150 Tennyson Ave 
Palo Alto, C4 94301 
(415) 321-6983 


Introduction 

This is a simple-minded “Tiny” language. The basic idea is 
to use an ASCII keyboard as the command input device for 
a microprocessor controlled robot. Rudimentary commands 
consisting of a single ASCII character are executed by the 
robot as soon as they are typed. Some primitive forms of 
IFrTHEN-ELSE, REPEAT-n-TIMES, and run-time-macro are 
included. Paired parentheses are used to group any number of 
commands into a single command and enable one to construct 
complex structures. The run-time-macro is probably the most 
important feature that makes a simple language such as this 
one powerful and easy to use. 

This language is open-ended and is not limited to any speci¬ 
fic robot. To illustrate this point, a version of this language is 
implemented on an 8080-based microprocessor to control a 
robot who has a “mind” but no “body”. Later in this article, 
two different “bodies” are attached to the robot’s “mind” as 
examples. Revisions and implementations on other micropro¬ 
cessors can be made if there are such interests. 


The Mind 

In this implementation, one uses the VDM-1 interface and a 
video display to represent the robot’s mind — so that one can 
always read what is in the robot’s mind. Other hardware 
required are: an ASCII keyboard with interface, and an 8080 
based microprocessor system with 8K of RAM at 0000-1FFF. 
The major part of the memory is used for the stack. The 
assembler listing and object code of the program are included 
following this article. 

The robot’s mind consists of an input line buffer of 58 
characters long, 15 lines of macro definition space (also of 
58 characters each) and a 4-decimal-digit accumulator. When 
one starts the program, the entire screen of the video display 
is cleared, the characters “A=0000” are displayed at the top 
nght comer, and a cursor is shown at the top left corner 
v i.e., the beginning of the input line buffer). Whenever the 
cursor shows in the input line buffer, it means the robot is not 
doing anything but waiting for input from the keyboard. 
When the cursor disappears, the robot is executing a command. 


But even then, if one types on the keyboard, the robot will 
stop whatever it was doing and obey the new command. 

There are three rudimentary commands for this bodyless 
robot. More will be added when a body exists. 

K (space, blank) No operation 

+ Increment the accumulator 

— Decrement the accumulator 

The no-op command is sometimes needed in IF-THEN-ELSE 
commands discussed later. When one types the character “+” 
or it replaces the cursor on the screen, the accumulator 
is changed accordingly, the “+” or ” is erased, and then the 
cursor reappears. (But all these happen in a flash.) Attempts 
to increment beyond 9999 or decrement below 0000 will not 
change the content of the accumulator. 

If one types the sequence of characters “(++—+)”, the 
accumulator will be changed after the “)” character is typed, 
and not while the individual “+” and ” are typed. The 
sequence stored and displayed on the input line buffer as 
entered, and the cursor is moved to the right at the same pace. 
If a RUB-OUT (or DEL) character is typed before the closing 
“)” is typed, the input buffer is erased and the partial com¬ 
mand is not executed at all. 

The bodyless robot has two IF-THEN-ELSE commands. 
One of them tests the accumulator. The other is a random 

decision maker: ■ ^ 

T [then command] [else command] Test it A>U 
? [then command] [else command] Randomly choose one^ 

The microprocessor interface consists of one parallel input 
port and one parallel output port. One bit of the input port is 
connected to a flip-flop which in turn can be set by touching 
the micro-switch on the robot. Two other bits of the input 
port tell the micro-processor whether the stepping motors are 
ready to be pulsed. Five bits of the output port are used; one 
of them used to reset the sensor flip-flop, and two bits each — 
direction and step, for the stepping motors. Other bits of the 
input/output ports are for further expansion. 

To control the body of this robot, one adds the following 
command to what was discussed in the previous section: 

F Move forward one step 
B Move backward one step 
R Rotate right one unit angle 
L Rotate left one unit angle 

S [then command] [else command] Test & reset the 
sensor 

The “unit angle” is the smallest angle the robot can rotate. 
It is determined by the step size and the distance between the 
two driven wheels. The “S” command is an IF-THEN-ELSE 
command similar to the “T” and “?” commands discussed in 
the last section. The assembler listing and the object code of 
the modifications needed to implement these new commands 
are presented below. 

Another Body 

Another robot of a sort can be even easier to construct - 
if the micro-system has a DAZZLER. One uses software to 
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control an imaginary turtle on another video display connected 
to the DAZZLER. The black & white mode is used to get a 
128 x 128 grid. The new commands added are: 

F Move forward one grid cell 
R Rotate 45 degrees right 
H Go home (i.e., the center of screen) 

N Face North (i.e., up) 

W Leave white trace 
B Leave black trace 
C Clear screen 

Note that the “B” command here is in conflict with the one 
in Section III. But since the robot has only one of these two 
alternative bodies, this does not cause any problem. The “C” 
clears the screen to all black. If “B” is in effect, “C clears the 
screen to all white. When one marches the turtle off the 
boundary, it will re-enter the boundary on the opposite side 
of the screen. The assembler listing and the object code of they 
modifications needed to implement these new commands^are 

presented b elow^^^^— ----— -- "" . 

All iFTHEhhELSE commands have this common syntax. 
The leading character, such as “T” or “?”, specifies the IF 
condition, [then command] is the command to be executed 
by the robot when the IF condition is met, and [else com¬ 
mand]. Thus: “??(casel) (case 2)? (case 3) (case 4)” has the 
same effect as: “?(?(case 1) (case 2)) (?(case 3) (case 4))” and 
will both cause the robot to randomly choose to execute one 
of the four cases. 

The bodyless robot has two REPEAT-n-TIMES commands. 
One repeats a fixed number of times as specified, and the 
other uses the current value of the accumulator as the repeat 
count. 

324 [command] repeats the [command] 324 times 
A [command] repeats the [command] A number of times. 
For example, “A-” will zero the accumulator, and “A+” 
11 double the content of the accumulator. More complex 
..quence can be constructed using parentheses, e.g., 
34 (6+12(+—+)A+). 

Last, and by no means the least, is the macro definition 
command. It is used to define any character, which is not 
one of the basic commands, to be the equivalent of a simple 
or complex command. 

D [ch] [command] Define [ch] to be [command] 

For example, “A-” clears the accumulator, one can type 
“DZA—” and from there on simply type “Z” to clear the 
accumulator. One can also have “DX(Z34(6+12(+—+)A+))” 
for whatever purpose. 

When one types in the definition, the sequence of char¬ 
acters are entered into the input buffer, and the cursor is 
moved to the right. When the last character (which completes 
the definition) is typed, the robot will search its mind to find 
if an old macro definition of that same character exists. In 
case an old definition exists, it will be marked to be deleted 
later. The robot then searches its mind again to find an empty 
line and copies the definition there. The examples above will 
be shown as “Z=A—” and “X = (Z34(6+12(+—+A+)) , 
respectively. 

If one attempts to define a character wWch already has a 
meaning in this language, such as ff , + , - , 1 > • > 

“A” “D” or any digit, the robot will erase the input butter 
and will not do anything else. The RUB-OUT (or DEL) key 
can also be used to abort the definition without damaging the 
old definition if any. To erase an old macro definition without 
creating a new one, one types “D[ch])(”. This is consistent 
with the convention that any undefined character is also a 


Hie Body 

One can construct a very simple robot similar to the well, 


known “Turtle”. Its moving parts consist of two stepping 
motors driving two independent wheels plus an idler wheel 
to keep its balance. A micro-switch attached to a bumper 
serving as its sensor and other “bells and whistles can be 
added on later. The two driven wheels are arranged like the 
wheels on a barrow cart, and not like a bicycle. When both 
stepping motors are driven forward or backward, so is the 
robot. But when the motors are driven in opposite direc¬ 
tions, the robot rotates. ^__y 


Programming Examples 

The following are a few examples of programs written in 
this language. These examples are heavily biased toward 
graphics and recursive macro definitions. This should not be 
interpreted as representing the strength or limitation of this 
language. One reason for using graphic examples is that the 
action of a mechanical robot such as the one described in 
Section III is more difficult to represent here than the graphics. 
Another reason is that this language has not been tested on a 
mechanical robot yet. 

There are very few programming languages that allow 
recursive definitions, and many hobbyists think recursive 
routines are difficult to understand. There are many indica¬ 
tions that the language in which one learns to express one’s 
ideas profoundly influences one’s process of thinking. It can 
be shown that recursion is really not any more difficult to 
understand than iteration. 

Example 1: A walking measuring tape 

Using the robot described above, one can define the 
macros: 

DM (Sb(FM)B+) , 

DZ (A—Sbb9999R) 

Now if one types the character “Z”, the robot will clear its 
accumulator, reset its sensor, and start to rotate. When the 
robot is facing the direction that one wants to measure, one 
types the character “M” and the robot will stop rotating and 
start to execute the macro “M”. This process will repeat until 
the robot finally touches something, it will go back one step, 
increment the accumulator, and return from the current 
level of macro “M”. Since the macro “M” has been nested, 
the robot will step back and increment accumulator as many 
times as it had stepped forward. This means the robot will 
find its way back to where it started from, and the accumulator 
will show the distance to the obstacle in units of the robot’s 
step size. 

i Example 2: Windmill 

Using the robot described earlier, one can define macros 
to draw all kinds of windmills: 

DX (C A-8(HN ARP+)) 

DP (.) • 

Where “P” is a macro defined by the user to draw some 
curve. “P” should use only the “F”, “R”, and fixed number 
repeat commands and paired parentheses. After 
defines “P”, one can type “X” to draw the windmill. The 
robot will first clear the screen, zero the accumulator, and 
then repeat 8 times drawing the pattern “P”, each time start¬ 
ing at the home position but facing a different direction. I he 
accumulator will be incremented each time after “P is drawn, 
and will be used to determine the direction of the next iteration. 

Example 3: Dragon curve 1 

The dragon curve is a family of very interesting curves. 
Figure 1A shows the 3rd order dragon curve and Fib. IB 
shows the 8th order one. These curves can be constructed by 
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folding a strip of paper. One keeps doubling the strip and 
folds it into half the current length for n times — n being the 
order of the curve. One then opens all creases (there are 
2**n—1 of them) to 90 degrees each, and a dragon curve is 
formed. The robot of Section IV can also draw these curves — 
up to the 12th order due to the 128 x 128 resolution. One 
defines: 

DLT (-L6RJ+) G 

DJT (-L2RJ+) G 

DG4F 

DQ (HN6R30FCF4RARL) 

After these are defined, one sets the accumulator to the 
desired order (0 through 8) and types the character ^ “Q”. 
Recall that one can zero the accumulator by typing “A-”, 
and that one can then set the accumulator to n by typing 
“n+”. The macro “G” defines the segment size of the dragon. 
One can redefine “G” to be a smaller number of “F”s so that 
higher order dragons can fit the screen. With “DGF”, up to 
the 12th order dragon can be drawn. 




Figure 1. Dragon curve of (A) order 3/ and (B) order 8. 



The dragon curve is defined by the macro “L”, while 
macro “J” defines the reversed dragon curve. When folding 
the paper strip, one may observe the fact that the nth order 
dragon consists of a (n-l)th order dragon, a 90 degree fold, 
and another (n—l)th order dragon in reverse. The definition 
of “L” and “J” then becomes obvious when one adds the 
fact that the 0th order dragon is a plain strip of paper which is 
defined as “G”. The macro “Q” is used to pick a starting 
position, clear the screen and pick a starting direction. 

9 

Example 4: Sierpinski curve 

Sierpinski curve of order 1 and 3 are shown in Fig. 2A 
and 2B respectively. Like Example 3, one may define: 

DIT (—I2FI5RG5RI2FI+) 2R 
DG4F 

DY (HN63F2R61FRC4 (2 FI)) 

After these are defined, one sets the accumulator to the 
desired order and types “Y” to draw the curve. Again, 
“G” can be redefined to a smaller number of F s to draw 
higher order “Y”s. For “DGOF”, the accumulator can be 
set to 5. 

The Sierpinski curve is closed and consists of four 
identical sides arranged in different directions and connect¬ 
ed by a short line “2F”. The sides are defined (recursively 
again) in the macro “I”, and the closed curve itself is defined 
in the last part of the macro “Y”, namely: “4(2FI)’\ 


Footnotes: 

1. See Scientific American April 1967 pages 116-123. 

2. See Scientific American December 1976 pages 124-133. 



Figure 2. Sierpinski curve of (A) order 1, and (B) order 3 


2 

Example 5: Hilbert curve * 

Hilbert curve of 1st and 5th order are shown in Fig. 3A and 
3B respectively. The macro definitions are presented without 
further explanation: 

DUT (-VG6RU2RGUG6RV+) 6R 
DVT (—U2RGVG6RV2RGU+) 2R 
DG4F 

D$ (HN63F2R63FC2RU) 


□ 



Figure 3. Hiloert curve of (A) order 1, and (B) order 5. 


Discussion 

In Section II, only a very limited number of basic com¬ 
mands, a total of 8, are included and yet it has been demon¬ 
strated that quite complicated tasks can be accomplished by 
this simple language. In practice, one would put in more 
basic commands to make the language even easier to use. One 
would also want to include more facilities, e.g., variables or a 
stack for the accumulator, etc. As is evident when one glances 
through the program listings which follow, these additions 
can be easily made. 
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One question that may arise is the limited number of 
characters in the ASCII code. If the keyboard is equipped 
w4h SHIFT and CNTRL keys, there are 128 different 
acters; and if the parity bit is not used and can be 
controlled from the keyboard, there are 256 different codes. 
One can further expand this by defining a few characters to 
be special escape characters. When the character table lookup 
routine encounters one of these escape characters, it will get 
the next character and scan a different table. 

As the title of this article implies, the scope currently is 
limited to “interactive control”; there is no provision for 
artificial intelligence. Another limitation of this language in 
its current state is that there is no way to handle concurrent 
actions and real time interrupts from the robot. The author 
looks forward to feedbacks from the readers. He especially 
welcomes ideas which would enlarge the scope of the language 
as opposed to what specific command should be included or 
deleted. 

The author wishes to thank Harvey A. Cohen and Marvin 
R. Winzenread for many interesting discussions and their 
pioneer works and publications in related topics that led to 
the development of this language. 

□ □□□ 


Of course, if robots appear, so must numbers for I and O. 

Two methods may be used, one is to have the polling after input of 
a command from the keyboard, and the other is to have it at intervals 
within the program, say after each 20 executions of a mind primitive 
routine from the commands dispatcher, and after each 1000 passes 
through the keyboard input wait loop. 

A naggy detail is that a robot may want some attention from the 
keyboard. This could be done, and would allow keyboard input during 
a run of a command by a slightly different version of I and O: 

I - Input number from keyboard & put in accumulator 

I number or A Input from Robot number FOO (The keyboard is 

Robot O) 

O value or A Write value on VDM in commands input buffer spot 

or, preferably, bottom line 

O value or A (blank) value or A Write first argument to Robot 

indicated by second argu¬ 
ment. 

This gets me into more tangles than I started with. However, I offer 
these as suggestions towards some of the problems you mentioned in 
your document. 

I am of course interested in getting Source & Object for playing 
with. Meanwhile, thanks for an interesting afternoon of thought. .. 
Gregory Yob 
PO Box 354 
Palo Alto, CA 94301 
(415) 326-4039) 


SOME SUPPLEMENTARY OBSERVATIONS 
FROM GREG YOB 

To Lichen Wang 

Re Tiny Robot Language (TINMAN) Received:77-Oct-19 

Your design is hard to beat for conciseness. I found it a bit diffi¬ 
cult to follow the examples, but that would be clearer with a live 
machine in front of me. All in all, a very clear and clean approach. 

Vly first thoughts were mostly cosmetic in nature, ie, I prefer to be 
e to give multicharacter names, and locating the various tests 
embedded in a command string was sometimes confusing. Of course, 
tests can have parentheses appropriately located to mark them, and 
multicharacter command names or macro names could be done with 
a delimiter convention, ie 
•TURTLE* 

Tests could be either: 

•TEST* (first) (second) 
or 

T! (first) (second)! note that (xxx) stands for whatever goes there.. 

As I said, these are cosmetic in nature . . . 

In pondering the addition of bodies, I noted that the commands for 
the bodies outnumbered those for the mind. Since the macro facility is 
essential to the language, why not use it to implement each body rather 
than have each body eat up more characters in the ASCII set . . . The 
beginnings of such an approach would look like this (bear in mind I 
have not run it all the way through to be consistent with other aspects 
of TINMAN). Two new commands should take care of it: 

I - Input from robot & place value in Accumulator 
O (number or A) Output value to Robot 
Of course, a stack gets pretty important, so some kind of push & pop 
commands may help out as well . . . Bear in mind I am not just adding 
some more commands, I am using these to remove all commands that 
ultimately are input and output commands. 

With I, O, push & pop, then the other commands for a body may be 
written as macros. While we are at it, it might be neat to "store" screen¬ 
fuls of macros in other sections of memory or on an external device, so 
that those used for a body would not clutter the VDM display. 

A hint of an idea towards interactive & real-time uses would be to 
have the robot's input actually be a macro call. That is, the value 
returned by the robot would be a defined macro which is then execu¬ 
ted. This would either be an interrupt (god forbid!!) or a polling kind 
thing where after each operation, the inputs are polled, and if one 
ds treatment, the state of the language processor is stacked, and the 
•equired macro is called. A suitable form might look like: 

P (robot #) (macro or command) Poll robot and do command 
or a if ready, command can then 

input whatever value from 
robot, etc. 
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> TJ 
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mi 
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si 

S3 

S3 

S3 


Be Urthodontia, Box E, Menlo Park, CA 94025 


Page 11 



Page 12 Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 Number 18 
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0050 

CD8100 

RCMD 

CALL 

GETCH 

0053 

DB 0 0 

CMD 

IN 

KEYSTA 

0055 

E680 


ANI 

KEYDAV 

0057 

C22400 


JNZ 

DIRECT 

0 0 5A 

E5 


PUSH 

H 

005B 

CDC600 


CALL 

RESRV 

005E 

78 


MOV 

A, B 

005F 

C26500 


JNZ 

Cl 

0062 

B7 


ORA 

A 

0063 

E3 


XTHL 


0064 

C9 


RET 


0065 

B7 

Cl 

ORA 

A 

0066 

El 


POP 

H 

0067 

C8 


RZ 


0066 

E5 


PUSH 

H 

0069 

CDAE00 


CALL 

FIND 

0 0 6C 

C27F00 


JNZ 

C2 

006F 

E5 


PUSH 

H 

0070 

2163FD 


LXI 

H,STKLMT 

0073 

39 


DAD 

SP 

0074 

7C 


MOV 

A, H 

0075 

B7 


ORA 

A 

0076 

FA2400 


JM 

DIRECT 

0079 

El 


POP 

H 

0 0 7A 

23 


I NX 

H 

007B 

23 


I NX 

H 

007C 

CD5000 


CALL 

RCMD 

007F 

El 

C2 

POP 

H 

0080 

C9 


RET 



*Get character 
*But did the 
*master have 
*other wishes? 

*Table lookup 
*for reserved 
*Not reserved 
*Rese rved 
*Go do that 
*B is in Z flag 
*Not reserved 

*Don ’t execute 
*Excecute user 
^defined command 
*Undefined 
*Defined 
*But let's see 
*if there's more 
*room in stack. 

*Forget it 
*0K, restore HL 
*points to user 
*definition 
*Scan that 
*Unaefined ch. 
*is a No-op 


* This subroutine gets a character to C 

* reg., and optionally make a copy. HL 

* points to where to get the character 

* from. But if HL=0, we input from the 

* keyboard. DE points to where to make 

* the copy. But if DE=0 , no copy is 

* made. 


7B 

E63F 

FE39 

D22400 

B2 

CA9000 

3E7F 

12 

7C 

B5 

C2A500 
CD4601 
DB 0 0 
E680 
CA9500 
DB 01 
4 F 

C3A700 
4 L 


GETCH MOV A,E 
ANI 63 
CPI 57 
JNC DIRECT 
ORA D 
JZ G1 
MVI A,@DEL 
STAX D 

G1 MOV A, H 

ORA L 
JNZ G3 

G2 CALL RNDB 

IN KEYSTA 
ANI KEYDAV 
JZ G2 
IN KEYDAT 
MOV C,A 
JMP G4 

G3 MOV C , M 


^Pointer to buff 

*End of buffer? 
*Buffer overflow 
*Make copy? 

*No copy, fine 
*Copy, show~\ 
*cursor 
*Where from? 


*From memory 
* (Randomlize) 
*From keyboard 


''From memory 
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00D3 

23 


INX 

H 

♦Skip aadr 

00D4 

05 


DCR 

B 

00D5 

C2CD00 


JNZ 

VI 

♦More in table 

00D8 

Cl 


POP 

B 

♦No, not there 

00D9 

211702 


LXI 

H, CMD0 9 

♦May be a digit 

0 0DC 

3E39 

DIGIT 

MVI 

A, ’9 ‘ 

♦Digit 0-9? 

0 0DE 

B9 


CMP 

C 

0 0DF 

D8 


RC 


♦No 

00E0 

79 


MOV 

A, C 

♦May be 

0 0 El 

D630 


•SUI 

•0 ' 

00E3 

D8 


RC 


♦No 

00E4 

BF 


CMP 

A 

♦Yes, set Z 

00E5 

C9 


RET 



00E6 

7E 

V2 

MOV 

A, M 

♦Matched table 

00E7 

23 


INX 

H 


00E8 

66 


MOV 

H, M 

♦Load HL from 

00E9 

6F 


MOV 

L, A 

♦ table 

0 0EA 

Cl 


POP 

B 


0 0EB 

C9 


RET 




* 

* 


* From here on are the routines that 

* handle each reserved characters, and 

* a table of these characters. 

* 

* RCMD or CMD will use the table and 

* may jump to one of these routines. 

* The Z flag is set if we are in the 

* non-execute mode. Reg. B also will 

* be 0 in this case. Reg. C has the 

* character to be handled. HL points 

* to where the command string is from. 

* If HL=0, command is from keyboard. 

* DE points to where a copy of the 

* command string is to be made. 

* If DE=0 , no copy is going to be made. 

* Each handler should end with a RET and 

* reg. BDEHL should not be destroyed. 

* 

**************************************** 

* 

* *♦♦ blank *** 

* 

* A blank (space) is a no-op. 

★ 

0 0EC C9 CMDBL RET *No-op 

•k 

* *** £) *** 

* 

* D [ch] [command] 

* 

* This command defines the [ch] to be 

* the equivalence of the [command]. 

* [ch] must not be one of the reserved 

* characters. 


* If old definition exists, the old one 
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) 


* will be marked and will be deleted 




* by 

DIRECT. 

If the new definition 



* is 

No-op ' 

’ , it will 

not be stored 



* in 

the robot's mind. 

Any undefind 



* character 

★ 

is a No-op 

anyway. 

0 0ED 

CD8100 

CMDD 

CALL 

GETCH 


0 0F0 

E 5 


PUSH 

H 


00F1 

CDC600 


CALL 

R-ESRV 

*Is ch reserved? 

0 0F4 

CA2400 


JZ 

DIRECT 

♦Yes, forget it 

00F7 

78 


MOV 

A, B 

♦No 

00F8 

B7 


ORA 

A 

♦Execute? 

0 0F9 

C 200 01 


JNZ 

CDl 

♦Yes 

0 0FC 

El 


POP 

H 

♦No, non-execute 

0 0FD 

C35000 


JMP 

RCMD 

♦Skip it 

0100 

CDAE00 

CDl 

CALL 

FIND . 

♦Execute 

0103 

C20801 


JNZ 

CD2 

♦No old def. 

0106 

367F 


MVI 

M ,@DEL 

♦Mark old def. 

0108 

C5 

CD2 

PUSH 

B 

♦Now, new def. 

0109 

0E20 


MVI 

c,’ ' 

♦Find space in 

0103 

CDAE00 


CALL 

FIND 

♦robot's mind 

010E 

C22400 


JNZ 

DIRECT 

♦No luck 

0111 

Cl 


POP 

B 

♦Found room 

0112 

71 


MOV 

M ,C 

♦Tell him the ch 

0113 

23 


INX 

H 


0114 

363D 


MVI 

M, '-' 

♦is defind as 

0116 

23 


INX 

H 


0117 

EB 


XCHG 



0118 

E3 


JCTHL 



0119 

0600 


1 MVI 

B , 0 


0113 

CD8100 


[CALL 

GETCH 

*Make copy 

011E 

3E20 


MVI 

A, ' ’ 

♦But ' ' means 

0120 

B9 


CMP 

C 

♦erase, old one 

0121 

C22901 


JNZ 

CDS 

♦It's not ' ' 

0124 

IB 


DCX 

D 

*It is ' ' 

0125 

IB 


DCX 

D 

♦erase the '=' 

0126 

12 


STAX 

D 


0127 

IB 


DCX 

D 

♦and the ch 

0128 

12 


STAX 

D 


0129 

CD5300 

CD3 

CALL 

CMD 

♦Continue scan 

012C 

Dl 


POP 

D 

♦for command 

012D 

06FF 


MVI 

B,0FFH 

♦Restore B 

012F 

C9 


RET 




* 


* *** ( *** 

* 

* ([command]. . . .) 

★ 

* Any number of commands can be grouped 

* together to be treated as one command 

* by a pair of parentheses. This can 

* also be nested. 

* 

0130 CD8100 CMDLP CALL GETCH 

0133 79 MOV A,C 

0134 FE29 CPI *) 1 

0136 C8 RZ 

0137 CD5300 CALL CMD 

013A C33001 JMP CMDLP 




* 

* *** ? ★** 

* 

* ?[then command] [else command] 

* 

* This command tells the robot to 

* randomly pick between the (then 

* command] and the [else command] 

* 




* RNDB 

* 

is a 

random 

bit generator. 

013D 

CA5C01 

CMDQM 

JZ 

SKIP 

♦Non-execute 

0140 

CD4601 


CALL 

RNDB 

♦Execute 

0143 

C37001 


JMP 

TEST 


0146 

E5 

RNDB 

PUSH 

H 

♦Random bit, see 

0147 

2AFE1F 


LHLD 

SEED 

♦Tausworthe, 

014A 

29 


DAD 

H 

♦Math. Comp. 19 

0 14 B 

ID 


MOV 

A, L 

♦(1965) 201-209 

014C 

D25201 


JNC 

CQl 


014F 

EE2D 


XRI 

0 2DH 

♦Watson et.al., 

0151 

6F 


MOV 

L, A 

♦Math. Comp. 16 

0152 

22FE1F 

CQl 

SHLD 

SEED 

*(1962) 368-369 

0155 

El 


POP 

H 


0156 

E601 


ANI 

1 


0158 

C9 


RET 




* 


* * * * * * * 

* 

* T[then command] [else command] 

* 

* This command tests the robot's acc. 

* If it is not 0, then execute the 

* [then command], else execute the 

* [else command] 

* 

* The SKIP and the TEST entries can 

* be used by other commands of the 

* same syntax. 

•k 


0159 

C26201 

CMDT 

JNZ 

CTl 

♦Execute 

015C 

CD5000 

SKIP 

CALL 

RCMD 

*Non-execu te 

015F 

C35000 


JMP 

RCMD 


0162 

E 5 

CTl 

PUSH 

H 

♦Execute 

0163 

2A3CCC 


LHLD 

SCREEN + 6 0 

♦Get acc. 

0166 

7C 


MOV 

A, H 

♦Or all 4 digits 

0167 

B5 


ORA 

L 


0168 

2A3ECC 


LHLD 

SCREEN+6 2 


016B 

B4 


ORA 

H 


016C 

B5 


ORA 

L 


016D 

El 


POP 

H 


016E 

FE30 


CPI 

'0 ' 

♦All '0'? 

0170 

CA7E01 

TEST 

JZ 

Tl 

♦Test flag 

0173 

CD5000 


CALL 

RCMD 

♦Do "Then" 

0176 

060 0 


MVI 

B , 0 


0178 

CD5000 


CALL 

RCMD 

♦Skip "Else" 

017B 

06FF 


MVI 

B, 0FFH 


017D 

C9 


RET 


♦Finished 

017 E 

0600 

Tl 

MVI 

B , 0 

♦Otherwise ... 

0180 

CD5000 


CALL 

RCMD 

♦Skip "Then" 


Number 18 Dr. Dobb's Journal of Computer Calisthenics & Orthodontia, Box E, Menlo Park, CA 94025 Page 15 


) ) 3 


0183 

0 6FF 


MVI 

B,0FFH 




★ 

**★ a * ** 


0185 

C35000 


JMP 

RCMD 

*Do "Else" 



* 





★ 






★ 

A[repeated command] 




★ * * * + * * ★ ^ * * * _ 

* * ★ 



★ 





* 






* 

This command repeats 

the [repeated 



* These are 

single character commands 



* 

command] A times. A 

is the current 



* which adds/subtracts 

1 to/from the 



* 

value of the robot's 

accumulator. 



* accumulator respectively. 



★ 





•k 




01D6 

CA5000 

CMDA JZ RCMD 

♦Non-execute 

0188 

C8 

CMDPS 

RZ 


*Non-execute 

01D9 

E5 


PUSH H 

♦Execute 

0189 

E5 


PUSH 

H 

♦Execute 

0 IDA 

CDE501 


CALL GETA 

♦Get acc 

018A 

CDE501 


CALL 

GETA 

♦Get accumulator 

01DD 

El 


POP H 

♦Value of acc 

018D 

El 


POP 

H 

♦Value of acc 

0 IDE 

E3 


XTHL 

♦Old HL restored 

018E 

3E27 


MVI 

A,9999/256 

♦Is it 9999? 

0 IDF 

CD8100 


CALL GETCH 

♦Next character 

0190 

BC 


CMP 

H 


01E2 

C32302 


JMP ITER 

♦Go repeat it 

0191 

C29C01 


JNZ 

CPS1 

♦No 



★ 



0194 

3E0F 


MVI 

A, 9999 MOD 

256 



* 

*** GETA *** & *** 

NUMB *♦♦ 

0196 

BD 


CMP 

L 




* 



0197 

C29C01 


JNZ 

CPS1 

♦No 



★ 

Subroutines to get the value of acc/ 

019A 

El 


POP 

H 

♦Yes, don’t add 



★ 

numbers from input. 


019B 

C9 


RET 





* 

HL points to where numbers are from. 

019C 

23 

CPS1 

I NX 

H 

♦Not 9999, add 



* 

Value is returned on 

top of the 

019D 

0E08 

PUT A 

MVI 

C,8 

♦Put acc back 



* 

stack. (Yes, top of 

the stack.) 

019F 

29 

PI 

DAD 

H 

*Binary->decimal 



★ 



01A0 

7C 


MOV 

A, H 




★ 

NUMB assumes the first digit is 

01A1 

D664 


SUI 

100 

♦Divide by 100 



★ 

already in C reg. 


01A3 

DAA801 


JC 

P2 




★ 



01A6 

67 


MOV 

H, A 


01E5 

213CCC 

GETA LXI H,SCREEN+60 *Hi-order digit 

01A7 

23 


INX 

H 


01E8 

CD8100 


CALL GETCH 

♦of accumulator 

01A8 

0D 

P2 

DC R 

C 


01EB 

E5 

NUMB PUSH H 

♦Save old HL 

01A9 

C29F01 


JNZ 

PI 

♦Divide loop 

01 EC 

210000 


LXI H,0 

*HL=value now 

01AC 

4C 


MOV 

C, H 

♦Remainder 

01EF 

D5 

Nl PUSH D 

*Decimal->binary 

01AD 

7D 


MOV 

A, L 

♦Quotient 

01F0 

3E18 


MVI A,24 


01AE 

213CCC 


LXI 

H,SCREEN+60 

*Hi-order digit 

01F2 

BC 


CMP H 

*H too big? 

01B1 

CD6B01 


CALL 

TWOD 

♦Put 2 digits 

01F3 

D2F701 


JNC N2 

♦No, OK 

01B4 

23 


INX 

H 


01F6 

67 


MOV H,A 

♦Yes, set it 

01B5 

79 


MOV 

A,C 

♦Low order 

01F7 

54 

N2 MOV D,H 

♦Save HL in DE 

01B6 

CDBB01 


CALL 

TWOD 

*2 more digits 

01F8 

5D 


MOV E,L 


01B9 

El 


POP 

H 


01F9 

29 


DAD H 

♦to do *10 

01BA 

C9 


RET 



01FA 

29 


DAD H 


0 IBB 

362F 

TWOD 

MVI 

M , 1 0 ' —1 

♦One before '0 1 

01FB 

19 


DAD D 


01BD 

34 

P3 

INR 

M 

♦Make it '0' 

01FC 

29 


DAD H 

♦Got it 

01BE 

D60A 


SUI 

10 


01FD 

1600 


MVI D, 0 


01C0 

D2BD01 


JNC 

P3 

♦Count in 1.0* s 

0 IF F 

79 


MOV A,C 

*C = next digit 

01C3 

C63A 


ADI 

'0 '+10 


0200 

D630 


SUI '0' 


01C5 

23 


INX 

H 


0202 

5F 


MOV E,A 


01C6 

77 


MOV 

M, A 

♦and l's > 

0203 

19 


DAD D 

♦Add next digit 

01C7 

C 9 


RET 



0204 

Dl 


POP D 


01C8 

C8 

CMDMS 

RZ 


♦Non-execute 

0205 

E3 


XTHL 

♦Old HL back 

01C9 

E5 


PUSH 

H 

♦Execute 

0206 

CD8100 


CALL GETCH 


01C A 

CDE501 


CALL 

GETA 

♦Get acc 

0209 

CDDC00 


CALL DIGIT 

♦More digits? 

01CD 

El 


POP 

H 


0 20C 

E3 


XTHL 

*HL=value again 

0 ICE 

7C 


MOV 

A, H 

♦Is it 0? 

0 20D 

CAEF01 


JZ Nl 

♦Yes, continue 

01C F 

B5 


ORA 

L 


0210 

33 


INX SP 

♦No, dig out 

01D0 

2B 


DCX 

H 


0211 

33 


INX SP 

♦return addr. 

0 lDl 

C29D01 


JNZ 

PUTA 

♦No, do -1 

0212 

E3 


XTHL 

♦Put value there 

01D4 

El 


POP 

H 

♦Yes, don't -1 

0213 

3B 


DCX SP 

♦Bury it 

01D5 

C9 


RET 



0214 

3B 


DCX SP 




* 




0215 

E3 


XTHL 

♦Get old HL back 


I % > 
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RET 



0216 C9 

* 

* *** number *** 

* 

* [number][repeated command] 

* 

* This command will repeat the [repeated 

* command] any number of times as 

* specified. 

* 

* The entry ITER may be called by other 

* handlers of the same syntax. 


0217 

CDE601 

CMD0 9 

CALL 

NUMB 

*Get value 

021A 

78 


MOV 

A, B 

*Execute? 

0 21B 

B7 


ORA 

A 


021C 

C22302 


JNZ 

ITER 

*Yes, iterate 

021F 

FI 


POP 

PSW 

*No, pop valu 

0220 

C35300 


JMP 

CMD 

*Skip command 

0223 

E3 

ITER 

XTHL 


* I terate 

0224 

7C 


MOV 

A, H 

*HL has value 

0225 

B5 


ORA 

L 


0226 

2B 


DCX 

H 


0227 

C23302 


JNZ 

ITl 

*Not 0, go on 

022A 

El 


POP 

H 

*It's 0 

022B 

0 600 


MVI 

B, 0 

*Skip command 

022D 

CD5300 


CALL 

CMD 


0230 

06FF 


MVI 

B,0 FFH 

^Restore B 

0232 

C9 


RET 



0233 

E3 

IT1 

XTHL 


*1 terations 

0234 

E5 


PUSH 

H 


0235 

C5 


PUSH 

B 


0236 

CD5300 


CALL 

CMD 


0239 

Cl 


POP 

B 


023A 

El 


POP 

H 


023B 

C32302 


JMP 

ITER 



* 


* *** TABL *** 

* 

* This is a table of all reserved 

* chracters (except digits, which are 

* also reserved). Each reserved char 

* is followed by the addr. of the 

* routine that handles the character. 

* T3LSZ is the number of entries in 

* the table. 

* 


023E 20 
023F £C00 
0241 44 
0242 ED00 
0244 28 
0245 3001 
0247 29 
0248 2400 
024A 7F 
024B 2400 


0 24D 3F 


TABL DB ' ' 

DW CMDBL 
DB 'D' 

DW CMDD 
DB ' ( ' 

DW CMDLP 
DB ' ) ' 

DW DIRECT 
DB @DEL 
DW DIRECT 
DB •?• 


*No-operation 

*Define 

*Begin 

*End 

*Abor t 


*Random choice 


Test acc. 



024E 3D01 
0250 54 
0251 5901 
0253 2B 
0254 8801 
0256 2D 
0257 C801 
0259 41 
025A D601 


0 25C.C9 


000A 


025D 


DW CMDQM 
DB 'T' 

DW CMDT 
DB •+' 

DW CMDPS 
DB ' 

DW CMDMS 
DB 'A ’ 

DW CM DA 

TBLSZ EQU (*-TABL)/3 

* 

* *** I NIT *** 

* 

* Initilize the robot. 


*Add one 
*Subtract one 
*Accumulato r 


INIT RET *Baptize 

LAST EQU * *the robot 

END 


0000 
0010 
0020 
0030 
0040 
0050 
0060 
0070 
0080 
0090 
0 0A0 
00B0 
00C0 
00D0 
0 0E0 
00F0 
0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 
0180 
0190 
01A0 
01B0 
01C0 
01D0 
01E0 
01F0 
0200 
0210 
0220 
0230 
0240 
0250 


OBJECT CODE OF "THE MIND" 


3100 
23BC 
CC22 
C22C 
CD50 
CD81 
6500 
2163 
C97B 
7CB5 
0 14 F 
2140 
B900 
E600 
79D6 
E5CD 
CDAE 
00C1 
B9C2 
CD81 
CD4 6 
2D6F 
5000 
CA7E 
CD50 
BCC2 
7 CD 6 
CCCD 
D2BD 
2BC2 
8100 
3E18 
D630 
3333 
C353 
06FF 
0044 
5459 


20CD 
G2 0 E 
3ECC 
000E 
0021 
0 0 DB 
B7E3 
FD3 9 
E63F 
C2A5 
C3A7 
CC11 
04C1 
2323 
3 0D8 
C600 
00C2 
7123 
2901 
0079 
01C3 
22FE 
E52A 
01CD 
0006 
9C01 
64DA 
BB01 
01C6 
9D01 
C323 
BCD2 
5F19 
E33B 
00E3 
C9E3 
ED00 
012B 


5C0 2 
0021 
31FE 
7 FCD 
00CC 
00E6 
C9B7 
7CB7 
FE39 
0 0CD 
004E 
4000 
D1C9 
05C2 
BFC9 
CA24 
0801 
363D 
1B1B 
FE29 
7001 
lFEl 
3CCC 
5000 
FFC3 
3E0F 
A801 
2379 
3A23 
E1C9 
0221 
F701 
D1E3 
3BE3 
7CB5 
E5C5 
2830 
8801 


AFD3 
41 3D 
1F21 
A E0 0 
5058 
80C 2 
E1C8 
FA24 
D224 
4601 
237A 
0 60 F 
C506 
CD0 0 
7E2 3 
J3078 
367F 
23EB 
121B 
C8CD 
E52A 
E601 
7CB5 
0600 
5000 
BDC2 
6723 
CDBB 
77C9 
CA50 
3CCC 
6 754 
CD81 
C9CD 
23C2 
CD53 
0129 
2 DC 8 


C 821 
223A 
00CC 
CA2A 
06FF 
2400 
E5CD 
00E1 
00B2 
DB 0 0 
B3C8 
79BE 
0A21 
Cl 21 
666F 
B7C2 
C50E 
E306 
1 2CD 
5300 
FElF 
C9C2 
2A3E 
CD5 0 
C8E5 
9C01 
0DC 2 
01 El 
C8E5 
00E5 
CD81 
5D29 
00CD 
EB 01 
3302 
00C1 
2400 
0141 


00CC 
CC21 
0 63A 
0060 
CD5 0 
E5CD 
AE0 0 
2323 
CA9 0 
E 6 80 
7912 
CAC3 
3E02 
1702 
C1C9 
0001 
20CD 
0 0CD 
5300 
C330 
297D 
6201 
CCB4 
0006 
CDE5 
E1C9 
9F01 
C93 6 
CDE5 
CDE5 
00E5 
2919 
DC 0 0 
78B7 
El 0 6 
E1C3 
7F24 
D601 


3ED0 
3030 
3620 
6811 
00C3 
C600 
C27F 
CD5 0 
003E 
CA95 
13C9 
0019 
7S3E 
3E39 
C9CD 
E1C3 
AE0 0 
8100 
D106 
01C A 
D252 
CD5 0 
B5E1 
FFC9 
01E1 
2 30E 
4C7D 
2F34 
01E1 
01 El 
2100 
2916 
E3CA 
C223 
0 0CD 
2302 
003F 
C9 


3620 
223C 
2305 
00CC 
2700 
78C2 
00E5 
00E1 
7F12 
00DB 
D5C5 
05C2 
23CA 
B9D8 
8100 
5000 
C 2 24 
3E20 
FFC9 
5C01 
01 EE 
0 0C3 
FE30 
0600 
3E27 
0829 
213C 
D60A 
7CB5 
E3CD 
00D5 
0079 
EF01 
02F1 
5300 
20EC 
3D01 









t LOvO 



L-Dft- 

# / 6<?_^hh^<4 scJ- 4, ( 


STA 

CWh&j 


Lt>A 

$F\— 


SrA 

exec. 


o>iv 



Sn*v 

»CBX(^ 


lb ft 
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£>Or?T 
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sm 
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Thank you, WSFN! 


by Donna Bearden 


Jeffrey will be three in another month. 

For the past six months, he has watch' 
ed his older sister and her friends work 
with Logo at the South Irving Turtle 
Learning Center. He was fascinated as 
they moved a small triangle they called a 
“Turtle” around the screen, drawing all 
sorts of different geometric shapes and 
colorful pictures. • 

Not wanting to be left out, Jeffrey 
demanded his turn. Although he enjoyed 
touching the various keys and seeing let¬ 
ters appear on the screen, it became 
tedious and frustrating for the rest of us. 
While there were some things that he 
could do, he wanted to do the same 
things that the big kids did. 

Jeffrey is at that wonderful age where 
he wants to do everything for himself. 
Not wanting to appear as a baby any 
more, he even'holds his own hand as he 
crosses the street. My mother laughs, 
thinking back a generation, joyously 
commenting that I deserve Jeffrey now. 

But Jeffrey’s independence got in the 
way of our trying to help him. If we tried 
to show him which keys to push by poin- 
ting to a certain key — if we dared to get 
within six inches of the keyboard — he 
would think that we were trying to 
“baby” him and very emphatically tell us 
that he wanted to do it himself. 

Have you ever tried to point out a 
specific key from about a foot away from 
the keyboard, ^p>.. for someone who 
cannot yet rend letters? 


While I do not advocate the use of 
computers by all three year olds, I believe 
that those who are interested and want to 
explore should be given the opportunity 
in which they are in control of the com' 
puter and the learning environment. 
Pointing out every key to a child does not 
put him in control of his learning en' 
vironment. Also, randomly touching let' 
ters to see them apear on the screen is 
one small first step. But if you have a Jef¬ 
frey, that is not enough. He has seen the 
Logo turtle and knows that it can draw 
squares and triangles and rectangles. 
These are the things that he wants to do, 
but he wants to do it himself. No getting 
within six inches of the keyboard, Mom. 

Along came WSFN —* Which Stands 
For Nothing! 

I don’t know where the author, Harry 
Stewart, or Atari Incorporated got the 
name, WSFN, and I haven’t really begun 
to scratch the surface of what this unique 
language can do. But I have a young 
fellow who has been in control of the 
computer from the first minute he sat 
down at the keyboard. And that most cer- 
tainly stands for Something! 

With single keystroke commands, Jef¬ 
frey can make the Turtle go forward by 
pressing the F key, right or left 45 degrees 
by the R and L keys. When he held the L 
key down one time, he discovered that he 
could make the Turle spin like a pin- 
wheel. And this brought forth a very 


hearty burst of glee. 

It is important to note that the Turtle 
in WSFN is, indeed, a small green Turtle, 
and not a small triangle. 

On the first day, I considered putting 
colored stickers on the keys so that he 
would know the ones to push. However, 
as it turned out, it was lucky that I had 
none in the house. Jeffrey soon 
demonstrated that he knew where the 
keys wereTBy the second day, he had also 
learned how to clear the screen and bring 
the Turtle Home to the center of the 
screen. 

Jeffrey started out with random scribbl- 
ings. This is an excellent way to explore 
the potential of a language — not just 
WSFN but Logo, Pilot, or any other Tur¬ 
tle graphics program. And it is not only a 
good introductory method for 
preschoolers, it works equally well with 
adults. But there comes a point in every 
novice’s explorations where they want to 
get down to the serious business of 
organized programming. In Jeffrey’s case, 
this meant getting down to the business 
of doing what the big kids are doing. 

It was fun to watch Jeffrey ponder each 
move of the Turtle and announce it bold¬ 
ly in advance. After a while, he called me 
over to the computer to see a square that 
he had drawn. By accident or design, a 
perfect square was centered on the 
screen. But far more important was the 
excitement and sense of accomplishment 
one very proud youngster demonstrated 


as he pointed to his square. 

His next project was a long distance 
Turtle adventure. He would sent the Tur¬ 
tle off the screen by holding down the F 
key — the WSFN Turtle does not wrap. 
He then loudly called him home by press¬ 
ing the H key. 

The next day, I was amazed when Jef¬ 
frey called me in to see his rectangle. He 
had obviously picked up the differences 
in the two figures and now was able to 
translate that onto the screen. 

There are a number of graphic pro¬ 
grams written in MIT, Apple, and TI 
Logo that are designed for preschool 
children — some good, some otherwise. 
But I believe that Jeffrey has shown us all 
a very important ingredient for dealing 
with the needs of preschoolers. Not only 
has he learned what the computer can do, 
he has gained the confidence and that 
marvellous sense of accomplishment that 
will let him actively participate in com¬ 
puter activites with his older brother and 
sister. Now, thanks to Harry Stewart and 
the Atari Program Exhanges, our com¬ 
puters are indeed, a family affair. And we 
think that this stands for a lot more than 
“Nothing.” 

We think it is really something! 

(Anyone interested in discussing or 
publishing their experiences with 
preschool children is invited to contact 
me, Donna Bearden, at 1908 Sandy Lane, 
Irving, Texas 75060. 











Thank you, 

Jeffrey will be three in another month. 

For the past six months, he has watch' 
ed his older sister and her friends work 
with Logo at the South Irving Turtle 
Learning Center. He was fascinated as 
they moved a small triangle they called a 
“Turtle” around the screen, drawing all 
sorts of different geometric shapes and 
colorful pictures. 

Not wanting to be left out, Jeffrey 
demanded his turn. Although he enjoyed 
touching the various keys and seeing let' 
ters appear on the screen, it became 
tedious and frustrating for the rest of us. 
While there were some things that he 
could do, he wanted to do the same 
things that the big kids did. 

Jeffrey is at that wonderful age where 
he wants to do everything for himself. 
Not wanting to appear as a baby any 
more, he even^holds his own hand as he 
crosses the street. My mother laughs, 
thinking back a generation, joyously 
commenting that I deserve Jeffrey now. 

But Jeffrey’s independence got in the 
way of our trying to help him. If we tried 
to show him which keys to push by poin' 
ting to a certain key — if we dared to get 
within six inches of the keyboard — he 
would think that we were trying to 
“baby” him and very emphatically tell us 
that he wanted to do it himself. 

Have you ever tried to point out a 
specific key from abonr a foot away from 

the keyboard, ... *y for someone who 
__ __j _? 
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WSFN!_ 

While I do not advocate the use of 
computers by all three year olds, I believe 
that those who are interested and want to 
explore should be given the opportunity 
in which they are in control of the com- 
puter and the learning environment. 
Pointing out every key to a child does not 
put him in control of his learning en' 
vironment. Also, randomly touching let' 
ters to see them apear on the screen is 
one small first step. But if you have a Jef' 
frey, that is not enough. He has seen the 
Logo turtle and knows that it can draw 
squares and triangles and rectangles. 
These are the things that he wants to do, 
but he wants to do it himself. No getting 
within six inches of the keyboard, Mom. 

Along came WSFN — Which Stands 
For Nothing! 

I don’t know where the author, Harry 
Stewart, or Atari Incorporated got the 
name, WSFN, and I haven’t really begun 
to scratch the surface of what this unique 
language can do. But I have a young 
fellow who has been in control of the 
computer from the first minute he sat 
down at the keyboard. And that most cer- 
tainly stands for Something! 

With single keystroke commands, Jef' 
frey can make the Turtle go forward by 
pressing the F key, right or left 45 degrees 
by the R and L keys. When he held the L 
key down one time, he discovered that he 
could make the Turle spin like a pin- 

...1_1 A_1 i_ c _~ _ 


hearty burst of glee. 

It is important to note that the Turtle 
in WSFN is, indeed, a small green Turtle, 
and not a small triangle. 

On the first day, I considered putting 
colored stickers on the keys so that he 
would know the ones to push. However, 
as it turned out, it was lucky that I had 
none in the house. Jeffrey soon 
demonstrated that he knew where the 
keys were. By the second day, he had also 
learned how to clear the screen and bring 
the Turtle Home to the center of the 
screen. 

Jeffrey started out with random scribbL 
ings. This is an excellent way to explore 
the potential of a language — not just 
WSFN but Logo, Pilot, or any other Tur- 
tie graphics program. And it is not only a 
good introductory method for 
preschoolers, it works equally well with 
adults. But there comes a point in every 
novice’s explorations where they want to 
get down to the serious business of 
organized programming. In Jeffrey’s case, 
this meant getting down to the business 
of doing what the big kids are doing. 

It was fun to watch Jeffrey ponder each 
move of the Turtle and announce it bold' 
ly in advance. After a while, he called me 
over to the computer to see a square that 
he had drawn. By accident or design, a 
perfect square was centered on the 
screen. But far more important was the 
excitement and sense of accomplishment 


by Donna Bearden 


as he pointed to his square. 

His next project was a long distance 
Turtle adventure. He would sent the Tun 
tie off the screen by holding down the F 
key — the WSFN Turtle does not wrap. 
He then loudly called him home by press' 
ing the H key. 

The next day, 1 was amazed when Jef' 
frey called me in to see his rectangle. He 
had obviously picked up the differenced 
in the two figures and now was able to 
translate that onto the screen. 

There are a number of graphic pro' 
grams written in MIT, Apple, and TI 
Logo that are designed for preschool 
children — some good, some otherwise. 
But I believe that Jeffrey has shown us all 
a very important ingredient for dealing 
with the needs of preschoolers. Not only 
has he learned what the computer can do, 
he has gained the confidence and that 
marvellous sense of accomplishment that 
will let him actively participate in com' 
puter activites with his older brother and 
sister. Now, thanks to Harry Stewart and 
the Atari Program Exhanges, our com' 
puters are indeed, a family affair. And we 
think that this stands for a lot more than 
“Nothing.” 

We think it is really something! 

(Anyone interested in discussing or 
publishing their experiences with 
preschool children is invited to contact 
me, Donna Bearden, at 1908 Sandy Lane, 
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